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CABLE LOCATION CONTINUOUSLY DETERMINING APPARATUS, CABLE 
LOCATION CONTINUOUSLY DETERMINING METHOD, AND CABLE 
LOCATION CONTINUOUSLY DETERMINING PROGRAM 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a cable location continuously determining 
apparatus, a cable location continuously determining method, and a cable location 
10 continuously determining program which determine the location of a cable buried in the 
ground. 

Priority is claimed on Japanese Patent Application No. 2003-330245 filed 
September 22, 2003, the contents of which are incorporated herein by reference. 

1 5 Description of Related Art 

When performing construction work to repair a cable which has already been 
buried or when performing construction work to bury a new cable, it is necessary to 
determine the location at which an existing cable is buried in order to prevent the existing 
cable from being damaged. Thus, in the past, various research relating to techniques of 

20 determining the location of a cable have been made, and their outcomes have been 
reported. 

For example, in Japanese Unexamined Patent Application, First Publication No. 
2001-356177, a weak AC (alternating current) magnetic field originating from a cable 
buried in the ground is measured from the surface of the earth, while a cable location 
25 determining apparatus which is provided with two magnetic sensors whose positions in a 



horizontal plane are the same and whose heights are different from each other is moved 
so that the cable location determining apparatus traverses the cable. Based on the 
measurement results, distances from measurement positions to the location of the cable 
are calculated. It is then determined that the cable is buried below the measurement 
5 position for which the calculated distance is the shortest among the calculated distances 
for a plurality of measurement positions. 

However, the above-described cable location determining apparatus determines 
the location at which a cable is buried while the cable location determining apparatus is 
moved in the direction along which the cable location determining apparatus traverses 
10 the cable. Therefore, a problem arises in that only the discrete locations of the cable can 
be obtained. 



SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a cable location 
15 continuously determining apparatus, a cable location continuously determining method, 
and a cable location continuously determining program which make it possible to 
continuously determine the location at which a cable is buried. 

A first aspect of the present invention is a cable location continuously 
determining apparatus which determines the location of a cable buried in the ground 
20 comprising: a first electromagnetic signal receiving section which receives an 

electromagnetic signal originating from alternating current flowing through a metallic 
wire which is integrated or attached to a cable which is the subject of determination; a 
second electromagnetic signal receiving section whose position in a horizontal plane is 
different from a position in the horizontal plane of the first electromagnetic signal 
25 receiving section and which receives the electromagnetic signal; a location data acquiring 
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section which acquires location data including latitude and longitude of a predetermined 
location with respect to the apparatus itself; a first location calculation section which 
calculates location data of the cable which is the subject of determination when taking 
the predetermined location as a standard using the electromagnetic signal received by the 
5 first electromagnetic signal receiving section and the electromagnetic signal received by 
the second electromagnetic signal receiving section, and which calculates the depth of 
the cable which is the subject of determination using the calculated location data; and a 
second location calculation section which calculates plane location data of the cable 
which is the subject of determination using the location data acquired by the location data 

1 0 acquiring section and the location data calculated by the first location calculation section. 
A second aspect of the present invention is a cable location continuously 
determining method carried out by a cable location continuously determining apparatus 
which determines the location of a cable buried in the ground, the method comprising: a 
location data acquiring step which acquires location data including latitude and longitude 

15 of a predetermined location with respect to the apparatus itself; a first location 

calculation step which receives an electromagnetic signal originating from alternating 
current flowing through a metallic wire which is integrated or attached to a cable which 
is the subject of determination using a first electromagnetic signal receiving section and a 
second electromagnetic signal receiving section whose position in the horizontal plane is 

20 different from a position in the horizontal plane of the first electromagnetic signal 

receiving section, and which calculates location data of the cable which is the subject of 
determination when taking the predetermined location as a standard using the received 
electromagnetic signal, and which calculates the depth of the cable which is the subject 
of determination using the calculated location data; and a second location calculation step 

25 which calculates plane location data of the cable which is the subject of determination 
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using the location data acquired by the location data acquiring step and the location data 
calculated by the first location calculation step. 

A third aspect of the present invention is a cable location continuously 
determining program which makes a computer function as a cable location continuously 
5 determining apparatus which determines the location of a cable buried in the ground, the 
apparatus comprising: a location data acquiring section which acquires location data 
including latitude and longitude of a predetermined location with respect to the apparatus 
itself; a first location calculation section which receives an electromagnetic signal 
originating from alternating current flowing through a metallic wire which is integrated 

10 or attached to a cable which is the subject of determination using a first electromagnetic 
signal receiving section and a second electromagnetic signal receiving section whose 
position in the horizontal plane is different from a position in the horizontal plane of the 
first electromagnetic signal receiving section, which calculates location data of the cable 
which is the subject of determination when taking the predetermined location as a 

15 standard using the received electromagnetic signal, and which calculates the depth of the 
cable which is the subject of determination using the calculated location data; and a 
second location calculation section which calculates plane location data of the cable 
which is the subject of determination using the location data acquired by the location data 
acquiring section and the location data calculated by the first location calculation section. 

20 According to the first to third aspects of the present invention, electromagnetic 

signals originating from alternating current flowing through a metallic wire which is 
integrated or attached to a cable is received by a first electromagnetic signal receiving 
section and a second electromagnetic signal receiving section whose positions in the 
horizontal plane are different from each other. When taking a predetermined location as 

25 a standard, location data of the cable is obtained using these electromagnetic signals. 
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Thus, it is possible to continuously determine the cable while moving the cable location 
continuously determining apparatus along the direction of the cable. In addition, plane 
location data and depth data of the cable are calculated using the location data of the 
predetermined location and the location data of the cable when taking the predetermined 
5 location as a standard. As a result, it is possible to automatically obtain the plane 
location data and depth data of the cable which is the subject of determination. 

The first aspect of the present invention may further comprises a display section 
which displays information relating to the location of the cable which is the subject of 
determination based on the location data of the cable calculated by the first location 
10 calculation section. 

With this structure, information relating to the location of a cable to be 
determined is displayed, so that an operator can recognize the approximate location at 
which the cable is buried. 

In the first aspect of the present invention, the location data acquiring section 
15 may acquire the location data of the predetermined location by using RTK-GPS. 

With this structure, it is possible to obtain the location data with high precision. 
Moreover, it is not necessary to employ a large device such as a gyrocompass. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a diagram for explaining the mechanism for determining the location 

of a cable according to an embodiment of the present invention. 

FIGS. 2 A and 2B are diagrams showing examples of display on a display panel 
shown in FIG. 1 . 

FIG. 3 is a diagram showing a cross sectional view of a cable which is the 
25 subject of determination shown in FIG. 1 . 



FIG. 4 is a diagram for explaining an electromagnetic signal receiving section 
shown in FIG. 1 . 

FIG. 5 is a functional block diagram showing the functions of a cable location 
continuously determining apparatus shown in FIG. 1 . 

DETAILED DESCRIPTION OF THE INVENTION 
First, the mechanism for determining the location of a cable according to an 
embodiment of the present invention will be explained with reference to FIG. 1 . FIG. 1 
is a diagram for explaining the mechanism for determining the location of a cable. 

As shown in FIG. 1 , a cable location continuously determining apparatus 1 is 
provided with wheels 5a, 5b, and 5c which function as a moving mechanism, thereby 
allowing the cable location continuously determining apparatus 1 to move along the 
direction of arrow A shown in FIG. 1 . When the location of a cable 7 which is buried in 
the ground is determined by using the cable location continuously determining apparatus 
1, the cable location continuously determining apparatus 1 is moved along the cable 7. 

The cable location continuously determining apparatus 1 is also provided with a 
GPS antenna 2, and obtains location data including latitude and longitude of a 
measurement standard position using an RTK-GPS (Real-Time Kinetic Global 
Positioning System). The measurement standard position is a predetermined location 
and, in this embodiment, is the midpoint between an electromagnetic signal receiving 
section 3 and an electromagnetic signal receiving section 4 as shown in FIG. 4. By 
using this RTK-GPS, the GPS antenna 2 receives electromagnetic waves transmitted 
from at least four GPS satellites (known positions) and correction data transmitted via a 
wireless station from an electronic standard position (a known position). Location data 
of latitude and longitude is obtained by using the electromagnetic waves and the 
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correction data. Since the present embodiment employs RTK-GPS, it becomes possible 
to obtain location data (i.e., latitude and longitude) with high precision. 

The location data of the measurement standard position are continuously 
acquired while the cable location continuously determining apparatus 1 moves to 
5 determine the location of the cable (practically, at a predetermined time interval, for 
example, at an interval of one second, while moving the cable location continuously 
determining apparatus 1 at a rate of 1 meter/second), and calculates an azimuth of the 
moving direction A of the cable location continuously determining apparatus 1 using the 
location data which have been obtained continuously. 

10 The cable location continuously determining apparatus 1 is further provided 

with the electromagnetic signal receiving sections 3 and 4 whose positions in a horizontal 
plane are different from each other. Alternating current is applied to a metallic wire 7b 
provided in the cable 7 which is the subject of determination using, for example, an 
office transmitter or a hand-held transmitter. The electromagnetic signal receiving 

15 sections 3 and 4 receive the electromagnetic waves generated by the application of the 
alternating current. The location data of the cable 7 with respect to the measurement 
standard position is calculated based on the magnetic field intensity of the 
electromagnetic waves which have been received. This location data includes a 
distance x between the measurement standard position and the cable 7 in the 

20 measurement base line direction B, which is a horizontal direction orthogonal to the 

moving direction A of the cable location continuously determining apparatus 1 (i.e., the 
direction from the electromagnetic signal receiving section 3 toward the electromagnetic 
signal receiving section 4), and a distance y between the measurement standard position 
and the cable 7 in the vertical downward direction. The depth of the cable 7 is obtained 

25 by using the distance y. The value of the distance x becomes positive when the cable 7 
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is located on the left side with respect to the moving direction of the cable location 
continuously determining apparatus 1, while it becomes negative when the cable 7 is 
located on the right side with respect to the moving direction of the cable location 
continuously determining apparatus 1 . It is noted that the details of these will be 
5 mentioned later. The timing of acquiring signals used for obtaining the coordinates of 
the position of the measurement standard position is synchronized with the timing of 
acquiring signals used for calculating the coordinates of the location of the cable 7 when 
taking the measurement standard position as a standard. 

The cable location continuously determining apparatus 1 is also provided with a 

1 0 display panel 6. As shown in FIG. 2A, the display panel 6 displays a screen which 

shows the location of a cable in the measurement base line direction B when taking the 
measurement standard position as a standard which has been obtained based on the 
magnetic field intensity of the electromagnetic waves received by the electromagnetic 
signal receiving sections 3 and 4, with the location of the cable being indicated by a 

1 5 circle as shown in FIG. 2 A. The direction from the left to the right in FIG. 2A is the 
measurement base line direction B. The above display enables an operator to visually 
recognize the rough location of the cable in the measurement base line direction B. 
Although FIG. 2A shows the location of the cable only in the measurement base line 
direction B, the cable location continuously determining apparatus 1 may be configured 

20 so as to show the location of the cable in the vertical downward direction in addition to 
the location of the cable in the measurement base line direction B. 

As described above, the azimuth of the moving direction A of the cable location 
continuously determining apparatus 1 can be calculated, and the azimuth of the 
measurement base line direction B can be obtained from the azimuth of the moving 

25 direction. The deviations of the cable 7 from the measurement standard position for 
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latitude and longitude are obtained by using the azimuth of the measurement base line 
direction B and the distance x in the measurement base line direction B from the 
measurement standard position to the cable 7. Using the deviations for latitude and 
longitude thus obtained and the latitude and longitude of the measurement standard 
5 position, the plane location data for latitude and longitude of the cable 7 are obtained. 

The series of the processes described above are carried out continuously during 
the determination of the location of a cable, and thus the plane location data (latitude and 
longitude) and the depth data of the location at which a cable is buried can be obtained 
continuously. 

10 Next, the structure of the cable 7 which is the subject of determination will be 

described with reference to FIG. 3. FIG. 3 is a diagram showing the cross-sectional 
view of a cable which is the subject of determination. As can be understood from the 
cross section thereof shown in FIG. 3, the cable which is the subject of determination is 
configured such that a transmission cable 7a for signal transmission and the metallic wire 

15 7b for applying alternating current are bundled or integrated by using a spiral sleeve 7c 
which serves as a cable cover. As described above, an office transmitter or a hand-held 
transmitter applies alternating current to the metallic wire 7b while the location of a cable 
is determined, and electromagnetic waves are generated by the application of the 
alternating current. It is noted that the cable may be provided with a metallic wire. 

20 Next, the details of the above-described electromagnetic signal receiving 

sections 3 and 4 will be explained with reference to FIG. 4. FIG. 4 is a diagram for 
explaining the electromagnetic signal receiving sections 3 and 4, and the direction of 
viewer's eyes is the moving direction of the cable location continuously determining 
apparatus 1. 

25 As shown in FIG. 4, the electromagnetic signal receiving section 3 is provided 
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with a receiving antenna 3a and a receiving antenna 3b which is arranged below the 
receiving antenna 3 a at a location away from the receiving antenna 3 a by a distance Y 
(where Y is a constant). In addition, the electromagnetic signal receiving section 4 is 
provided with a receiving antenna 4a which has the same height as the receiving antenna 
5 3a and which is arranged at a location away from the receiving antenna 3a by a distance 
X (where X is a constant) in the measurement base line direction B, and a receiving 
antenna 4b which is arranged below the receiving antenna 4a at a location away from the 
receiving antenna 4a by the distance Y It is noted that the measurement standard 
position is arranged at a location away from the receiving antenna 3 a by the distance X/2 

10 in the measurement base line direction B, that is, the direction from the receiving antenna 
3a toward the receiving antenna 4a, and also away from the receiving antenna 3a by the 
distance Y/2 in the vertical downward direction, that is the direction from the receiving 
antenna 3a toward the receiving antenna 3b. Needless to say, the measurement standard 
position moves in line with the movement of the cable location continuously determining 

15 apparatus 1. 

The distances described below are calculated by using the magnetic field 
intensity of the electromagnetic waves received by the respective receiving antennas 3a, 
3b, 4a, and 4b, which have been generated by a source, that is, alternating current 
flowing through the metallic wire of the cable. Specifically, the calculated distances 

20 are: a distance al from the receiving antennas 3a and 3b to the cable 7 which is the 

subject of determination in the measurement base line direction B; a distance a2 from the 
cable 7 to the receiving antennas 4a and 4b in the measurement base line direction B; a 
distance dl from the receiving antennas 3 a and 4a to the cable 7 in the vertical direction; 
and a distance d2 from the receiving antennas 3b and 4b to the cable 7 in the vertical 

25 direction. 
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Using these calculated distances, the distance x from the measurement standard 
position to the cable 7 in the measurement base line direction B (={al - (al + a2) / 2}) 
and the distance y from the measurement standard position to the cable 7 in the vertical 
direction (= (dl + d2) / 2) are calculated. Since the height of the measurement standard 
5 position from the surface of the earth is known (for example, it can be obtained from a 
design drawing of the cable location continuously determining apparatus 1), the depth of 
the cable 7 can be calculated by subtracting the height of the measurement standard 
position from the surface of the earth from the calculated distance y. 

The deviations of the cable 7 from the measurement standard position for 

10 latitude and longitude are obtained by using the calculated distance x and the azimuth of 
the measurement base line direction B which has been calculated as described above. 
The plane location data for latitude and longitude of the cable 7 are obtained by using the 
deviations for latitude and longitude thus obtained and the latitude and longitude of the 
measurement standard position which have been obtained by means of RTK-GPS. 

15 Hereinbelow, the functions of the cable location continuously determining 

apparatus 1 for realizing the above-described mechanism for determining the location of 
a cable will be explained with reference to FIG. 5. FIG. 5 is a functional block diagram 
showing the functions of the cable location continuously determining apparatus. 

As shown in FIG. 5, the cable location continuously determining apparatus 1 is 

20 provided with a location data acquiring section 1 1, an apparatus location database 12, an 
azimuth calculation section 13, a first location calculation section 14, a cable distance 
database 15, a second distance calculation section 16, and a cable location database 17. 

The location data acquiring section 1 1 continuously acquires location data 
including the latitude and longitude of the measurement standard position by means of 

25 RTK-GPS. The apparatus location database 12 stores the location data of the 
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measurement standard position acquired by the location data acquiring section 1 1 . The 
location data is associated with the time when electromagnetic waves transmitted from 
GPS satellites which have been used for acquiring the location data and correction data 
transmitted from the electronic standard position have been received. The azimuth 
5 calculation section 1 3 calculates the azimuth of the moving direction A of the cable 
location continuously determining apparatus 1 by using the location data of the 
measurement standard positions stored in the apparatus location database 12. The 
azimuth calculation section 13 then calculates the azimuth of the measurement base line 
direction B from the azimuth of the moving direction thus calculated. 

10 The first location calculation section 14 calculates the distance x from the 

measurement standard position to the cable in the measurement base line direction B and 
the distance y from the measurement standard position to the cable in the vertical 
direction by using the magnetic field intensity of the electromagnetic waves received by 
the respective receiving antennas 3a, 3b, 4a, and 4b provided in the electromagnetic 

15 signal receiving sections 3 and 4. In addition, the first location calculation section 14 
calculates the depth of the cable by using the distance y thus obtained and the height of 
the measurement standard position from the surface of the earth. This depth data is 
associated with the time when the electromagnetic waves used for calculating the 
distance y have been received. The cable distance database 1 5 stores the distance x 

20 obtained by the first location calculation section 14 in association with the time when the 
electromagnetic waves used for calculating the distance x have been received. 

The second location calculation section 1 6 calculates the deviations of the cable 
7 from the measurement standard position for latitude and longitude by using the azimuth 
of the measurement base line direction B calculated by the azimuth calculation section 1 3 

25 and the distance x from the measurement standard position to the cable in the 



13 

measurement base line direction B which is stored in the cable distance database 15. 
The second location calculation section 16 then calculates the plane location data for 
latitude and longitude of the cable by using the deviations for latitude and longitude thus 
obtained and the latitude and longitude of the measurement standard position which are 
5 stored in the apparatus location database 12. The plane location data for latitude and 
longitude is associated with the time when the electromagnetic waves used for 
calculating the distance x have been received. It is noted that the second location 
calculation section 16 calculates the plane coordinates of the cable by using the location 
data of the measurement standard positions and the location data of the cable when 

10 taking the measurement standard positions as standards. 

The cable location database 17 stores the depth data of the cable which have 
been acquired by the first location calculation section 14 in association with the plane 
location data of the cable for latitude and longitude which have been acquired by the 
second location calculation section 16 at the same time when the first location calculation 

1 5 section 14 has acquired the depth data. 

The procedure of continuously determining the location of a cable will be 
described below. First, the electromagnetic waves are generated by applying alternating 
current to the metallic wire of a cable which is the subject of determination by using, for 
example, an office transmitter. Subsequently, the cable location continuously 

20 determining apparatus 1 is moved. 

As a result of the operations of the respective structural elements 11 to 17 shown 
in FIG. 5 during the movement of the cable location continuously determining apparatus 
1 , the location data including latitude and longitude of the measurement standard position 
obtained by means of RTK-GPS are accumulated. In addition, the electromagnetic 

25 waves generated by the alternating current flowing through the metallic wire are received, 
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the above-described distances x and y are obtained based on the magnetic field intensity 
of the electromagnetic waves, and the depth of the cable is obtained from the distance y. 
The distance x and the depth data of the cable are thus accumulated. 

The azimuth of the moving direction of the cable location continuously 
5 determining apparatus 1 is obtained from the accumulated location data of the 

measurement standard positions, and then the azimuth of the measurement base line 
direction B is obtained from the azimuth of the moving direction. Thereafter, the 
deviations of the cable from the measurement standard position for latitude and longitude 
are obtained from the azimuth of the measurement base line direction B and the distance 

10 x. The plane location data of the cable for latitude and longitude are obtained from the 
deviations of the cable for latitude and longitude thus obtained and the latitude and 
longitude of the measurement standard position, and the obtained plane location data of 
the cable are accumulated. A series of the above-described processes is carried out at a 
given interval, and the location data at which the cable is buried (i.e., the depth data and 

15 plane location data) is obtained. 

It is noted that during the processes of determining the cable location by the 
cable location continuously determining apparatus 1 , the obtained cable location data are 
displayed on the display panel 6 at a given interval. 

Since the above-described embodiment is provided with the electromagnetic 

20 signal receiving section 3 and the electromagnetic signal receiving section 4 whose 
locations in the horizontal plane are different from each other, the cable location data 
when taking the measurement standard position as a standard can be obtained. As a 
result, the determination of the location of a cable can be carried out continuously. In 
addition, the azimuth of the moving direction is calculated based on the location data of 

25 the measurement standard position obtained by means of RTK-GPS, it is advantageous in 
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that it is not necessary to employ a large device such as a gyrocompass. Furthermore, 
the time required for calculating the azimuth according to the present embodiment is 
shorter than the time required for calculating the azimuth using a gyrocompass, so that 
the present embodiment is particularly useful when the cable location is displayed while 
5 determining the cable location. 

While a preferred embodiment of the invention has been described and 
illustrated above, it should be understood that it is exemplary of the invention and is not 
to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 

10 invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended claims. For 
example, a mechanism may further be provided which displays the location at which the 
cable is buried on a map which is drawn based on map data including latitude and 
longitude by using the plane location data including latitude and longitude of the cable 

1 5 which have been obtained by determination. In addition, the depth of the cable may be 
calculated using the height data as well which is obtained by means of RTK-GPS. 
Moreover, when the location data of the measurement standard position could not be 
obtained by means of RTK-GPS, for example, when the cable location continuously 
determining apparatus is passing through a tunnel, the location of the measurement 

20 standard position may be calculated based on the deflection angle of the cable location 
continuously determining apparatus obtained by using a gyrocompass and a distance 
which the cable location continuously determining apparatus has moved. Furthermore, 
as shown in FIG. 2B, a locus of the cable may be displayed based on the cable locations 
which have been obtained, and a predicted direction along which a cable extends may be 

25 displayed using an arrow. For example, the direction of the alternating current which 
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has been measured or the direction connecting the last two cable locations which have 
been measured can be used as the predicted direction along which a cable extends. As a 
result, an operator can visually recognize where the cable exists and can predict the 
direction along which the cable extends. Furthermore, the cable location may be 
5 displayed in a three-dimensional manner. 

It is also possible for a program which realizes the functions of the respective 
structural elements of the above-described cable location continuously determining 
apparatus to be recorded on a computer readable recording medium, and for the programs 
recorded on this recording medium to be loaded on a computer system and to be 

10 executed by the computer system, thereby carrying out the above processes of 

determining the location of a cable. It is noted that a computer system includes OS 
(operating system) and hardware such as peripheral devices. Furthermore, in the event 
that the WWW system is employed, the computer system also includes a home page 
provision environment and a home page display environment. The term "computer 

15 readable recording medium" refers to a transportable medium such as a flexible disk, a 
magneto-optical disk, ROM (read only memory), a CD-ROM (compact disk), and the 
like, or to a storage device such as a hard disk installed in a computer system. 
"Computer readable recording medium" also includes mediums that hold programs for a 
certain period of time such as volatile memory (RAM) in a computer system which is a 

20 server or a client when programs are transmitted via a communication line such as a 
telephone line or a network such as the Internet. 

Moreover, the above program may also be transferred from a computer system 
having a storage device or the like on which the program is stored via a transfer medium, 
or via a transfer wave in the transfer medium to another computer system. Here, the 

25 transfer medium that transfers the programs is a medium having a function of 
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transferring information such as a communication line such as a telephone line or a 
network such as the Internet. Moreover, the above program may also be designed to 
perform a portion of the aforementioned functions. It may also be what is known as a 
differential file (differential program) that can achieve these functions in combination 
with a program that is already recorded on a computer system. 



